Background
Introduction
Potatoes are the most common non-cereal staple food consumed worldwide [1] . US per capita potato usage exceeds 100 pounds per year, with an increasing fraction sold processed rather than fresh [2] . Potatoes have a high glycemic index and high glycemic load and may be perceived to be unhealthy, which may be partly due to the preparation methods, such as deep frying, or because of the condiments added during serving, such as butter, cheese, or sour cream, which may add a substantial amount of fat and energy. However, they are a good source of potassium and polyphenols [3] and can be a concentrated source of other required nutrients. For example, one serving of white potatoes provides about one-third of the Recommended Dietary Allowance (RDA) for vitamin C, but only 147 kcal of energy. The widespread popularity of potatoes and their mixed nutritional reputation have made potatoes the focus on an ongoing debate within the nutrition community [4] . Potatoes are included as total vegetables in Healthy Eating Index but are not included in most of dietary indices [5] . Because randomized trials are unlikely to be used to resolve this debate, more data from large, long-term observational studies may be the best way to add to our understanding of the role of potatoes in a healthy diet.
Three prospective studies in the US (the Nurses' Health Studies 1 and 2, and the Health Professionals' Follow-up Study) reported that higher consumption of potatoes is associated with an higher risk of diabetes mellitus and higher risk of hypertension, independent of body mass index (BMI) and other risk factors [6, 7] . However, two prospective studies in Sweden reported that potato consumption is not associated with risk of incident cardiovascular disease [3] , and a study assessed two different Spanish prospective studies reported that potato consumption is not associated with the risk of hypertension [8] . A Norwegian study reported that high potato consumption is associated with higher risk of colorectal cancer [9] . Another recent study reported that consumption of French fries is associated with higher risk of mortality, but total potato consumption was not associated with mortality. However, the results of this study were based on only 236 deaths [10] . Therefore, the aim of our study was to evaluate the associations of potato consumption with overall and cause-specific mortality in the NIH-AARP Diet and Health Study, which has accrued 76,921 deaths among healthy participants at baseline during 5,942,912 person-years of follow-up between 1995-2011.
Materials and methods

Study design
The NIH-AARP Diet and Health Study was launched in 1995 and enrolled AARP members living in California, Florida, Louisiana, New Jersey, North Carolina, and Pennsylvania and two metropolitan areas (Atlanta, Georgia, and Detroit, Michigan). A demographic questionnaire and a food frequency questionnaire were mailed to 3.5 million AARP members. Subjects were 50 to 71 years old. In total, 617,119 baseline questionnaires were returned (an 18% response rate). The details were described previously [11] . The data underlying the results presented in the study are available upon submitting a proposal to be approved by the NIH-AARP Steering Committee at https://www.nihaarpstars.com.
Participants. The NIH-AARP baseline cohort encompassed 566,398 subjects with satisfactorily completed questionnaires. In this analysis, proxy respondents (n = 15,760); participants outside two interquartile ranges of the 25th and 75th percentile interval of the energy intake (n = 4809); subjects with any registry confirmed cancer diagnosis before study entry (n = 8,828); and self-reported history of cancer (n = 42,165), heart disease (n = 68,408), stroke (n = 6,360), and emphysema (n = 9,367) were excluded. In total, 410,701 subjects (233,739 men and 176,962 women) aged 50-71 years were included for the present analysis (S1 Fig) .
The NIH-AARP Diet and Health Study is conducted under the auspices of the Special Studies Institutional Review Board of the United States National Cancer Institute, and all subjects provided written informed consent.
Cohort follow-up
Participants were followed from baseline for each individual (1995) (1996) until the date of death, loss to follow-up, withdrawal from the study, or December 31, 2011, whichever came first.
Exposure assessment
Demographic and anthropometric information were collected at baseline using a self-administered questionnaire. The 124-item food frequency questionnaire [12] was also mailed at baseline, and the participants were asked to report their consumption in the past 12 months. The validity and reproducibility of the food frequency questionnaire was previously reported, and for the 26 nutrient constituents examined, estimated correlations with true intake ranged from 0.36 to 0.76 [12] . Potato consumption was asked using five questions: "baked, boiled, or mashed potatoes"; "potato salad"; "French fries or home fries"; "sweet potatoes"; and "chips". Total potato consumption was computed by summing the responses to the first three questions. For this study, we did not include sweet potatoes, because they have a different nutrient content. We also did not include chips, because the question did not differentiate between potato, corn, or other chips.
The frequency of potato consumption consisted of 10 categories from never to "2 or more times per day". Each item in the food frequency questionnaire was linked to the 1994-1996 US Department of Agriculture's Continuing Survey of Food Intakes by Individuals to compute energy and nutrient intake [13] .
Outcome measures
Vital status and cause-specific mortality were ascertained using probabilistic matching to the National Death Index Plus. The International Classification of Diseases, 10th revision (ICD-10) was used to classify the underlying cause of death (from death certificates). We studied death from cancer (ICD-10 codes C00-C44, C45.0, C45.1, C45.7, C45.9, C48-C97, and D12-D48); cardiovascular disease, including heart diseases (ICD-10 codes I00-I09, I10-I13, I20-I51, and I70-I78) and stroke or cerebrovascular diseases (ICD-10 codes I60-I69); respiratory diseases (ICD-10 codes J10-J18 and J40-J47); and diabetes mellitus (ICD-10 codes E10-E14).
Statistical analysis
Descriptive values of variables were expressed as means and percentages. Cox proportional hazards models were used to estimate hazard ratios (HRs) and 95% confidence intervals (95% CIs). Time since entry to the study was used as the underlying time metric. Using age at entry did not change the results significantly. The proportional hazards assumption was verified using the Schoenfeld residuals test.
Ten categories of potato consumption were merged into 4 categories: less than 1 time per week, 1-2 times per week, 3-6 times per week, 7 or more times per week. In a secondary analysis, we merged the top two categories to render more evenly distributed categories for potato consumption. The lowest category was used as a reference category throughout. To test for linear trend across categories of intake, the median value of each category was used as a continuous variable in the regression models. For continuous analyses, we estimated the HRs associated with a one serving/day increase in potato intake.
Multivariable models were adjusted for suspected risk factors for mortality including age; sex; body mass index (BMI); ethnic group; education; drinking alcohol; smoking status, intensity and duration; self-reported health status; self-report of diabetes (yes vs. no); level of physical activity (never, rarely, 1-3 times/month, 1-2 times/week, 3-4 times/week, >5 times/week); use of any vitamin supplement (yes vs. no); total energy intake (quintile); consumption of red meat (quintile), white meat (quintile), whole grains (quintile), fruits (quintile) and vegetables (quintile). We also tested the inclusion of the healthy eating index 2010 in the model instead of individual foods (red meat, white meat, whole grains, fruits and vegetables) and found no substantive differences in the results from the primary models we present.
In additional analyses, we mutually adjusted for each type of potato preparation (including French fries in the model for baked potato and potato salad and vice versa). Also, we converted the potato intake to grams per day and adjusted the intake for energy using the nutrient density method. We did stratified analyses by potential effect modifiers (age, smoking status, BMI, self-reported health status, red meat intake, vitamin supplement use), and tested the interaction between potato consumption and effect modifiers using the Likelihood Ratio test. Finally, we conducted a sensitivity analysis in which we excluded participants with less than two years of follow-up, to evaluate potential reverse causality.
Statistical analyses were performed with STATA software version 14 (STATA Corp, College Station, TX, USA). P values less than 0.05 or 95% confidence intervals that excluded 1.0 were considered statistically significant.
Results
During the 15.6 years of follow up, 76,921 participants were reported to have died (48,830 men and 28,091 women). The baseline characteristics of these participants by potato consumption categories are provided in Table 1 . Overall, potato consumption was associated with a host of other variables, many of which may confer higher risk of death. Specifically, individuals with higher potato consumption were more likely to be current smokers, to be non-Hispanic whites, to drink more alcohol, to have a history of diabetes, and to report poor or fair health. They were also less likely to have attended college or to use vitamin-mineral supplements. Potato consumption was associated with higher energy intake; higher red meat, white meat, whole grain, fruit and vegetable intake; and a higher BMI. The baseline characteristics of participants by different types of potato preparation categories are provided in S1 Table.  Table 2 presents the age-and sex-adjusted and fully adjusted HRs for overall and cause-specific mortality for increasing categories of potato consumption. The age-and sex-adjusted models suggested that participants who ate potatoes seven or more times per week had higher risk of overall and cause-specific mortality in comparison with those who ate potatoes less than one time per week, with highly significant p-values for trend across categories. After adjusting for multiple risk factors, the estimated associations were attenuated to the null and were no longer statistically significant. The apparent overall association with mortality was reduced to non-significance (HR C4 vs C1 = 1.02, 95%CI = 0.97, 1.06). Merging the top two categories of potato consumption did not change the results meaningfully (HR C3 vs C1 = 0.97, 95% CI = 0.95, 1.00). when we analyzed potato intake as a continuous variable, the estimated fullyadjusted associations were close to null and not statistically significant (Table 2) . Mutual adjustment for each type of potato preparation did not change the results meaningfully. Likewise, using potato intake in grams consumed per day, adjusted for energy, did not change the results meaningfully (HR C4 vs C1 = 0.98, 95%CI = 0.95, 1.00).
We also investigated associations of several different types of potato preparations with mortality. Increasing consumption of "baked, boiled or mashed potatoes" or "potato salad" was not significantly associated with overall or cause specific mortality. However, French fry consumption was directly associated with cancer related mortality (HR C4 vs C1 = 1.27, 95% CI = 1.02, 1.59) (Fig 1) .
We also performed stratified analyses according to categories of other risk factors for mortality. There were no substantial differences in the estimated associations across the strata of the various risk factors. The results of these stratified analyses are shown in Fig 2; no statistically significant associations were observed within any of the strata.
In a lag analysis, we excluded participants with less than two years of follow-up, and the results did not change meaningfully (HR C4 vs C1 = 1.04, 95%CI = 0.99, 1.09). , education (high school or less, post-high school training, college graduate, post-graduate education), physical activity (never, rarely, 1-3 times per month, 1-2 times per week, 3-4 times per week, � 5 times per week), self-report history of diabetes (yes, no), total energy intake (kcal per day, quintile), red meat intake, white meat intake, whole grain intake, fruit intake, and vegetable intake (grams per day, quintile); HRs (95% CIs) were calculated by using a Cox regression model https://doi.org/10.1371/journal.pone.0216348.t002 , education (high school or less, post-high school training, college graduate, post-graduate education), physical activity (never, rarely, 1-3 times per month, 1-2 times per week, 3-4 times per week, � 5 times per week), self-report history of diabetes (yes, no), calories (kcal per day, quintile), red meat intake, white meat intake, whole grain intake, fruit intake, and vegetable intake (grams per day, quintile); HRs (95% CIs) were calculated by using a Cox regression model. , education (high school or less, post-high school training, college graduate, post-graduate education), physical activity (never, rarely, 1-3 times per month, 1-2 times per week, 3-4 times per week, � 5 times per week), self-report history of diabetes (yes, no), total energy intake (kcal per day, quintile), red meat intake, white meat intake, whole grain intake, fruit intake, and vegetable intake (grams per day, quintile); HRs (95% CIs) were calculated by using a Cox regression model. � P for interaction <0.05.
https://doi.org/10.1371/journal.pone.0216348.g002
Potato consumption and mortality
Discussion
Our results do not support an association of potato intake with all-cause or cause-specific mortality. Potatoes have a high glycemic index and a high glycemic load. Consumption of high glycemic load foods may increase the risk of diabetes and cardiovascular diseases, independent of body weight change [14] . However, they are a good source of potassium, vitamin C, and polyphenols [3] , and this may counterbalance the association of other potato components with mortality. Prospective studies of potato consumption and cardiovascular diseases have yielded inconsistent results [3, 15, 16] . However, our results are consistent with a systematic review study reported that potato consumption was not associated with the risk of obesity, diabetes or cardiovascular diseases [17] . A recent meta-analysis reported that potato consumption was not associated with risk of overall, cardiovascular, or cancer mortality [18] . Although there was no evidence for associations of potato intakes alone with mortality, we did not investigate potato consumption as a component of overall dietary glycemic load [19] [20] [21] . The different types of preparation methods could have different associations with health outcomes [22] [23] [24] . Baked potatoes have higher resistant starch contents than boiled potatoes [24] . A previous study found that the glycemic index of potatoes varies among different preparation method, but not among different types of potatoes tested [23] . We investigated associations of different types of potato preparations with mortality. Increasing consumption of "baked, boiled or mashed potatoes" or "potato salad" was not significantly associated with overall or cause specific mortality. We did not observe an association between French fry intake and total mortality. This result differs from a recent study which found that consumption of French fries 2-3 times per week was associated with higher risk of total mortality (7), but this previous study evaluated only 236 deaths during 8 years of follow-up [25] . In contrast, with nearly 77,000 deaths occurring during 15.6 years of follow-up, our study had much greater power to carefully evaluate the associations of multiple potato exposures with both total and cause-specific mortalities, and the only significant result of French fry consumption that we found was a weak direct association with cancer-related mortality. Fried potatoes contain acrylamides, which is a potential carcinogen [26, 27] but frequent french fry consumption may also be associated with other unhealthy lifestyle and poor dietary habits, which could lead to an apparent association in the presence of uncontrolled confounding. Given the multiple outcomes that we evaluated, even this result should be interpreted with caution, and we cannot rule out the possibility that this finding was the result of chance.
The strengths of this study were the large sample size, the long follow-up time, and the ability to adjust for many potential confounders. The most important methodological limitation of this study was the use of a single food frequency questionnaire to evaluate the diet. Food frequency questionnaires are known to be subject to measurement error, and the use of this instrument could be one of the factors contributing to the null findings of the current study. Also, recording dietary data only one time, at baseline, did not allow us to include changes in diet during the long follow-up time in our evaluation. In addition, although we adjusted the models for other potential confounders, residual confounding cannot be ruled out. We also lacked data on the amount of salt or other condiments added during the serving of foods, which might have affected our results.
In conclusion, we found that total potato consumption was not associated with risk of total mortality. Future studies in other populations are warranted given the high level of potato consumption and the equivocal results across the literature.
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